Abstract
247
(non-master) parameters and soil fertility indicators during agropedogenesis, and (3) should be orthogonal to each other, 248 i.e. independent (or minimally dependent) of one other (Kozlovskii, 1999) , modified). Note that, in reality all soil 249 properties are at least partly dependent. Nonetheless, the last prerequisite -orthogonality -ensures the best separation of 250 soils in multi-dimensional space (see below) and reduces the redundancy of the properties.
251
Considering the three prerequisites and based on expert knowledge, as well as on phase diagrams (see below), we 252 suggest 8 properties as being master (Table 3) : Density; Macroaggregates, SOM, C/N ratio, pH, EC, Microbial biomass 253 C, and Basal respiration. We consider these 8 to be sufficient to describe the degradation state of most other parameters 254 during agropedogenesis and to define their multi-dimensional attractor space (see below). Their definition enables 255 assessing the other properties: water permeability, penetration resistance, erodibility, base saturation, exchangeable 256 sodium percentage, sodium absorption ratio, N mineralization, availability of other nutrients, etc.
257
The combination of master properties provides a minimum dataset to determine soil development stages with 258 cultivation duration (Andrews et al., 2002) . Organic C content is the most important and universally accepted master
259
property that directly and indirectly determines the state of many physical (soil structure, density, porosity, water holding 260 capacity, percolation rate, erodibility) (Andrews et al., 2003; Nabiollahi et al., 2017; Shpedt et al., 2017) , chemical
261
(nutrient availability, sorption capacity, pH) (Lal, 2006; Minasny and Hartemink, 2011) , and biological (biodiversity, 262 microbial biomass, basal respiration) (Raiesi, 2017) properties. The values of the mentioned secondary properties can be (Table 3) . Nonetheless, the dynamics, sensitivity and resistance of such properties to degradation and with cultivation 
283
We define:
284
Thresholds of soil development and degradation are relatively abrupt changes in process rates or process 285 directions leading to a switch in the dominating mechanism of soil degradation.
286
Stages of soil degradation are periods confined by two thresholds and characterized by one dominating 287 degradation mechanism (Fig. 7c ).
288
Importantly, soil degradation does not always follow a linear or exponential trajectory (Kozlovskii, 1999) . This means 289 that changes (absolute for linear or relative for exponential) are not proportional to time or management intensity. Soil 290 degradation proceeds in stages of different duration and intensity. The key consideration, however, is that each stage is 291 characterized by the dominance of one (group) of degradation processes, whose prerequisite is formed in the previous 292 phase.
293
We conclude that phase diagrams (1) enable tracing the trajectory of various soil properties as they reach their 
309
The degraded soil will remain within this multi-dimensional space even if subsequently slightly disturbed (or 310 reclaimed). This explains why long-term agricultural fields that have been abandoned for centuries or even millennia still
311
show evidence of soil degradation (Hall et al., 2013; Jangid et al., 2011; Kalinina et al., 2013; Lisetskii et al., 2013;  
318
in this case the Creosote bush (Hall et al., 2013) . While establishing a no-till system on former pasture-land leads to a 319 decrease in SOM, changing a formerly plowed land to no-till had no such effect (Francis and Knight, 1993) . The amidase 320 activity in Colca soils, Peru, is still relatively high 400 years after of land abandonment due to the remaining effect of 321 applied organic amendments on soil microorganisms (Dick et al., 1994) . We argue that during agropedogenesis the 322 multi-dimensional space of master soil properties will continuously narrow in approaching the attractors. This 323 multi-dimensional space resembles a funnel (Fig. 10) 
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(a) Narrow range (yellow-shaded area) of organic carbon and bulk density in ancient agricultural soils cultivated for 1500 866 y at Mimbres, New Mexico, USA, comparing to uncultivated soils and runoff sediments (Sandor et al., 2008 
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conventional tillage to no-till had no effect on organic carbon content. Lismore soil: Umbric Dystochrept, 5% stones,
895
rapid draining, 5 y mixed rye grass/white clover pasture. Wakanui soil: Udic Ustochrept, slow draining, 10 y rotation of 896 wheat, barley, peas.
